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INTRODUCTION 

This  report  presents  data  from  Low  Speed  Wind  Tunnel  tests 
to  evaluate  the  aerodynamic  and  thermodynamic  characteristics  of 
VSTOL  fountains  and  inlet  reingestion.  The  tests  were  run  in 
the  16-  by  20-foot  test  section  of  the  General  Dynamics  Low  Speed 
Wind  Tunnel  during  the  period  from  3 May  through  18  May  1977. 

A total  of  147.0  wind  tunnel  test  hours  was  used.  The  tests 
were  authorized  under  ONR  Contract  N00014-76-C-0698 . Messrs. 

A.  Karemaa  and  H.  A.  Weber  represented  the  Convair  technical 
group.  Messrs.  C.  W.  Smith  and  J.  Garner  represented  the  Fort 

Worth  Division. 

\ 

The  purpose  of  the  test  program  was  twofold;  namely, 

(1)  to  obtain  test  data  on  fountain  type  flow  fields  that  exist 
below  hovering  lift-jet  type  VTOL  airplanes,  and  (2)  to  obtain 
test  data  on  the  hot-gas  reingestion  into  the  engine  inlets  for 
this  type  of  aircraft.  Measurements  of  dynamic  pressure,  flow 
angularity,  and  temperature  distribution  were  measured  in 
(1)  the  fountains  produced  by  one,  two,  three,  and  four  vertical 
jets,  and  (2)  the  reingestion  flow  field  produced  by  a three 
vertical  jet  configuration.  In  addition,  model  interference 
forces  and  moments  were  measured  for  all  vertical  jet  config- 
urations. .. 

Heated  high  pressure  air  was  supplied  to  the  model  through 
a specially  constructed  hydrogen  burner  system.  Fountain  and 
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INTRODUCTION  (Continued) 

reingestion  flow  characteristics  were  measured  by  means  of  a 
traversing  cone-probe  pressure  and  temperature  rake.  Model 
interference  forces  and  moments  were  measured  by  a six-component 
internal  strain  gage  balance.  Duct  inlet  flow  temperatures  were 
measured  by  permanently  installed  thermocouples. 

Fountain  characteristics  were  measured  in  Test  GDLST  711, 
in  which  the  model  was  tested  at  wind  speeds  of  0,  3,  and  30  knots. 
Although  the  major  portion  of  this  test  was  performed  at  an  angle 
of  attack  of  zero  degrees,  a limited  number  of  runs  were  made  at 
10  degree  angle  of  attack  with  a two-nozzle  configuration  only. 
Reingestion  characteristics  were  measured  in  Test  GDLST  712,  in 
which  the  model  was  tested  at  wind  speeds  of  0,  3,  and  20  knots. 

The  angle  of  attack  was  zero  for  this  entire  test. 

Nozzle  pressure  ratio,  jet  temperature,  and  inlet  weight 
flow  were  held  constant  for  all  runs.  The  nozzle  pressure  ratio 
was  set  to  an  approximate  value  of  2.0.  A jet  temperature  of 
about  400°F  was  used  for  the  major  portion  of  the  test.  A few 
selected  runs  were  made  at  jet  temperatures  of  200° F and  room 
temperature. 

For  these  tests,  the  ordinarily  closed-circuit  wind  tunnel 
was  vented  to  reduce  the  heat  buildup  rate.  For  the  zero  forward 
velocity  case,  the  tunnel  return  circuit  was  completely  blocked. 

The  main  fan  was  used  to  maintain  a 3-knot  velocity  of  fresh  air 
to  purge  the  test  section.  When  significant  forward  velocities 


1 

l 


I 


1 


I 

< 


AJ7S8-!  (MCV.  4-79) 


INTRODUCTION  (Continued) 


were  used  (20  and  30  knots),  the  return  circuit  blockage  was 
removed  and  the  amount  of  tunnel  venting  was  reduced  consistent 
with  the  forward  velocity  requirement. 
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MODEL  AND  METHODS 

The  modular  type  model  used  in  these  tests  was  nominally 
a 1/15  scale  model  designed  to  represent  a variety  of  fighter- 
type  V'T'OL  aircraft.  Composed  of  two  general  aerodynamic  con- 
figurations, the  model  could  simulate  several  propulsion  arrange- 
ments with  a fuselage,  swept  wing,  and  horizontal  stabilizer, 
and  various  propulsion  arrangements  with  a fuselage,  delta  wing, 
and  canard  configuration.  For  these  tests,  the  major  portion  of 
the  fuselage  and  wings  were  removed  from  the  model  substructure 
and  various  flat  plates  were  inserted.  The  family  of  circular, 
rectangular,  and  triangular  plates  shown  in  the  sketches  on 
pages  15  and  16  , were  mounted  on  the  model  through  a six- 

component  internal  balance  so  that  the  propulsion  system  or 
nozzle  induced  forces  on  the  plates  could  be  read  directly.  In 
certain  configurations,  segments  of  these* plates  were  mounted 
directly  to  the  non-metric  model  plenum  structure.  All  other  model 
components,  including  the  fuselage  and  nozzles,  were  mounted 
directly  to  the  non-metric  model  plenum  structure  so  that  only 
the  plate  forces  and  moments  were  measured  by  the  balance.  All 
of  the  basic  plates  were  constructed  of  .375-inch  thick  aluminum 
and  had  sharp  90  degree  edges. 

The  model  substructure  was  constructed  mainly  of  steel  and 
consisted  of  two  high  pressure  plenums,  an  internal  balance,  a 
balance  cooling  jacket,  and  the  non-metric  support  brackets  for 
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MODEL  AND  METHODS  (Continued) 

the  fuselage,  duct  inlets,  and  non-metric  plate  segments.  The 
plenums  were  machined  from  a single  piece  of  steel  with  the  bottom 
surface  welded  into  place.  Three  sides  of  each  plenum  contain 
two-inch  diameter  holes  to  allow  for  installation  of  the  various 
nozzles  as  shown  in  the  nozzle  location  matrix  sketch  on  page  14. 
Cover  plates  were  provided  for  the  unused  positions. 

The  model  was  mounted  in  an  upright  position  in  the  16- 
by  20-foot  test  section  on  its  own  special  sting.  The  test 
section  ground  board  was  in  the  extended  position  for  the  entire 
test.  Pitch  angle  and  ground  height  variations  were  obtained 
through  the  normal  translating  tunnel  support  system.  Yaw  angle 
was  obtained  by  manually  setting  the  yaw  plv  ot  in  the  special 
sting  assembly.  Heated  high  pressure  air  was  supplied  to  model 
plenums  through  two  1.0-inch  diameter  steel  lines  leading  along 
the  sting  blade.  A specially-constructed  h ydrogen  burner  system, 
located  outside  of  the  wind  tunnel  shell,  was  used  to  heat  the 
600  PSI  air  delivered  from  the  normal  Gardner-Denver  auxiliary 
air  system.  The  air  was  distributed  to  each  of  the  two  model 
plenums  through  individual  motor-driven  control  valves  located 
on  the  floor  of  the  test  section  beneath  the  ground  board. 

Suction  for  the  duct  inlets  was  provided  by  two  3.25-inch  diameter 
compressed  air  ejectors  mounted  on  the  sting  support  above  the 
model.  Flexible  plastic  tubing  was  used  to  connect  the  ejectors 
to  the  steel  duct  inlets. 

The  wing  plates  were  mounted  on  the  C-5-.75F  six-component 
internal  strain  gage  balance.  Each  of  the  model  blowing  plenums 

A375B-!  I »lv,  4-79) 


- . -•  ■■ 


report  GDLST  711  & 712 

PAGE  _5 


I 

I 


I 


A 


GENERA!-  DYNAMICS 

Convair  Division 


REI'ORT  GDLST  711  & 712 
PAGE  ^ 


MODEL  AND  METHODS  (Continued) 

was  instrumented  with  a static  pressure  pickup.  These  plenum 
pressures  were  measured  with  individual  500  PSI  pressure  trans- 
ducers located  in  the  model.  Blowing  plenum  temperatures  were 
measured  with  individual  ehromel-alumel  thermocouples.  Inlet 
ejector  drive  pressures  were  measured  with  individual  150  PSI 
pressure  transducers.  Each  of  the  duct  inlets  was  instrumented 
with  a single  internal  static  pressure  pickup  connected  to 
individual  5 PSID  transducers,  and  four  internal  copper-constantain 
thermocouples  electrically  coupled  to  a single  readout.  In  addi- 
tion, each  of  the  duct  inlets  was  instrumented  with  three  external 
thermocouples  standing  1.0  inch  off  the  outer  surface  on  45° 
spacings  from  the  horizontal  centerline  of  the  duct. 

Nozzle  thrust  was  determined  for  each  test  data  point 
using  the  plenum  pressure  and  temperature  versus  thrust  relation- 
ships obtained  in  pretest  calibrations  of  each  of  the  nozzle 
configurations.  Inlet  weight  flow  was  determined  for  each  data 
point  using  the  ejector  drive  pressure  and  inlet  temperature 
versus  weight  flow  relationships  obtained  in  pretest  calibrations 
of  the  ejector  and  inlet  assemblies.  Both  the  nozzle  and  inlet 
calibration  results  are  given  in  the  pretest  report  TR-76-VST0L-01 . 

The  airflow  survey  rake,  shown  in  the  sketch  on  page  18, 
was  used  to  measure  the  temperature  and  pressure  in  both  the 
fountain  and  reingestion  flow  fields.  The  rake  was  equipped 
with  14  cone-type  pressure  probes  and  13  ehromel-alumel  thermo- 
couples all  on  .50-inch  spacings.  The  pressure  probes  and 


A 37SB*  t (ftCV.  4-78) 


GENERAL  DYNAMICS 

Convair  Division 


MODEL  AND  METHODS  (Continued) 

thermocouples  were  staggered  .25  inches  in  the  plane  of  operation 
in  order  to  minimize  aerodynamic  interference.  Each  of  the  cone 
probes  was  equipped  with  one  total  pressure  orifice  and  four 
directional  orifices.  The  rake  was  mounted  on  a remote-controlled 
motor-driven  traversing  mechanism. 

During  the  fountain  flow  surveys,  the  rake  was  oriented 
either  horizontally  with  the  probes  pointed  downward  toward  the 
ground  board,  or  vertically  with  the  probes  parallel  to  the  ground 
board  and  pointed  inward  toward  the  nozzle  axis.  During  the 
reingestion  flow  surveys,  the  rake  was  oriented  vertically  in 
front  of  the  model  with  the  probes  pointed  upstream.  Probe 
pressures  were  recorded  through  five  scanivalves  equipped  with 
10  PSID  pressure  transducers  for  the  fountain  surveys,  and 
2.5  PSID  pressure  transducers  for  the  reingestion  surveys. 

In  order  to  limit  the  heat  buildup  in  the  normal  closed 
circuit  low  speed  wind  tunnel,  it  was  necessary  to  provide  large 
quantities  of  fresh  air  exchange.  For  the  zero  velocity  case, 
the  normal  return  circuit  was  completely  blocked  off  at  the 
entrance  to  the  8-  by  12-foot  test  section,  the  main  motor  hatch 
in  the  return  circuit  was  removed,  the  ceiling  hatch  in  the  8- 
by  12-foot  test  section  was  opened,  and  the  main  fan  was  used  to 
maintain  a 3-knot  velocity  over  the  model  to  purge  the  16-  by 
20-foot  test  section.  For  the  20-knot  velocity  case,  the  main 
motor  hatch  in  the  return  circuit  was  opened  6 inches  and  the 
ceiling  hatch  in  the  8-  by  12-foot  test  section  was  opened. 
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MODEL  AND  METHODS  (Continued) 

For  the  30  knot  velocity  case,  a 2-  by  3-foot  access  hatch  in  the 
return  circuit  was  removed  and  the  west  door  to  the  8-  by  12-foot 
test  section  was  opened. 

Six-component  balance  data,  plenum  pressures  and  tempera- 
tures, and  inlet  pressures  and  temperatures  were  recorded  during 
all  force  runs.  Model  power  settings  and  attitude  were  held 
constant,  while  ground  height  was  varied.  For  airflow  survey 
runs,  only  the  take  location  was  varied.  During  the  reingestion 
portion  of  the  test,  a limited  number  of  tuft  survey  runs  were 
made  in  which  visual  observations  were  made  of  the  flow  directions 
as  indicated  by  yarn  tufts  attached  to  the  end  of  a hand-held  pole. 

All  recorded  data  were  reduced  to  coefficient  form  accor- 
ding to  the  equations  specified  in  pretest  report  TR-76-VSTOL-01 . 

All  force  and  moment  data  were  referred  to  stability  axes.  For  the 
zero  velocity  case,  the  force  data  represents  the  total  induced 
interference  coefficients.  For  the  forward  velocity  case,  the 
power-off  forces  and  moments  were  subtracted  from  the  power-on 
data  to  produce  only  the  propulsion  interference  terms. 
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RESULTS 

Plotted  data  showing  fountain  characteristics  from  Test 
GDLST  711  are  presented  in  run  number  order  on  pages  4"?  through 
232  . The  run  index  for  these  data  is  given  on  pages  .',6.1  through 
46. 5 . Plotted  data  showing  reingestion  characteristics  from 
Test  GDLST  712  are  presented  in  run  number  order  on  pages  238 
through  361  . The  run  index  for  these  data  is  given  on  pages  ?33 
through  237  . The  tabulated  data  are  not  presented  in  this  report, 
but  are  on  file  at  the  General  Dynamics  Low  Speed  Wind  Tunnel. 

Lift  coefficients  were  based  on  the  jet  thrust.  Pitching 
moment  coefficients  were  based  on  the  jet  thrust  and  plate  chord. 
Rolling  moment  coefficients  were  based  on  the  jet  thrust  and 
plate  span.  All  force  and  moment  coefficients  were  referred  to 
stability  axes  through  a moment  reference  point  located  longi- 
tudinally at  the  centroid  of  the  nozzle  configuration,  laterally 
on  the  model  plane  of  symmetry  and  vertically  on  the  waterline 
plane  of  the  nozzle  exits.  The  reference  dimensions  for  data 
reduction,  as  well  as  the  location  of  the  moment  reference  point 
for  all  plate  configurations,  are  given  in  the  tables  on  page  17. 


Airflow  characteristics  in  both  the  fountain  flow  field 
and  the  reingestion  flow  field  are  presented  as  a function  of 
probe  location,  non-dimensionalized  in  reference  to  the  nozzle 
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RESULTS  (Continued) 

the  "X"  and  "Y"  directions,  and  the  ground  board  surface  for  the 
"Z”  direction.  For  the  reingestion  surveys,  the  zero  direc- 
tional origin  was  located  at:  the  fuselage  nose  (model  station 
10.5)  for  the  ”X"  direction,  the  model  centerline  of  symmetry 
for  the  "Y"  direction,  and  the  ground  board  surface  for  the 
"Z"  direction. 

The  C-5-.75F  internal  balance  used  in  this  test  received 
a complete  calibration  in  April  1973,  and  a check  calibration 
before  acquiring  the  test  data.  All  pressure  transducers  were 
calibrated  on  installation  in  the  tunnel.  All  calibrations  were 
performed  using  tertiary  standards  calibrated  and  certified  by 
Convair  Electro  Physical  Standards  Laboratory.  The  airflow  survey 
rake  used  in  this  test  was  calibrated  in  the  8-  by  12-foot  test 
section  of  the  Low  Speed  Wind  Tunnel  on  13  May  1977.  In  that 
calibration  test,  it  was  found  that  the  rake  was  capable  of 
measuring  flow  angularity  up  to  42  degrees.  Directional  pressure 
measurements  from  this  test  which  would  have  exceeded  42  degrees 
were  considered  invalid  and  are  not  presented  in  either  the 
plotted  data  of  this  report  or  in  the  tabulated  data. 
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DESCRIPTION  OF  MODEL,  COMPONENTS 

Description 

Fuselage;  simulated  forward  fuselage  with  the  circular 
nose  located  at  model  station  10.50.  This  fuselage 
extended  over  the  forward  portion  of  the  blowing  plenum 
only,  and  was  trimmed  as  necessary  to  permit  installa- 
tion of  the  various  exit  nozzles.  The  fuselage  was 
mounted  on  the  non-metric  plenum  structure  and  did  not 
contribute  to  the  aerodynamic  forces  measured  by  the 
internal  balance.  Ref.  Dwg.  WT-72-109309 . 

Duct  Inlets;  twin  semi-circular  duct  inlets  mounted 
on  each  side  of  the  fuselage  with  the  horizontal  duct 
centerline  at  model  waterline  10.00.  The  1.67-inch 
internal  radius  inlets  were  located  longitudinally  at 
model  station  15.000,  and  laterally  at  model  buttock 
line  4.05.  Each  duct  inlet  was  instrumented  with 
one  (1)  inlet  static  pressure  tap,  three  (3)  internal 
thermocouples  electrically  connected  together,  and 
three  (3)  external  thermocouples.  Inlet  suction  was 
provided  by  individual  compressed  air  ejectors  mounted 
on  the  support  sting  above  the  model.  The  ejectors 
were  connected  to  the  inlets  with  3.39  internal 
diameter  flexible  tubing.  Ref.  Dwg.  WT-77-109333 . 

Raised  duct  inlets;  same  as  1^,  except  that  the 
horizontal  duct  centerline  was  raised  to  model  water- 
line 15.08. 

Duct  Exit  Nozzle  configuration;  30°  conical  half  angle 
exit  nozzle  with  the  plane  of  the  exit  at  model  water- 
line 6.505.  Ref.  Dwg.  WT-72-109310 . 

Subscripts  1 through  15  on  the  configuration  symbol 
refer  to  the  fifteen  separate  nozzle  locations  shown 
in  the  nozzle  location  matrix  sketch  on  page  i4. 
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DESCRIPTION  OF  MODEL  COMPONENTS  (Continued) 


Symbol 


Description 


N Superscripts  1 through  3 on  the  configuration  symbol 

(Contd.)  indicate  the  nozzle  exit  diameter: 

1.  1.32  inches 

2.  1.41  inches 

3.  1.61  inches 

P^  Circular  planform  wing  plate  of  9.95-inch  diameter, 

located  on  the  model  with  the  plate  centerline  at 
model  station  21.000,  and  the  lower  surface  at  model 
waterline  6.405.  The  exit  nozzle  location  was  at  the 
centerline  of  the  plate.  Ref.  Dwg.  WT-74-109328 . 

P^  Circular  planform  wing  plate  of  18.38-inch  diameter, 

located  on  the  model  with  the  plate  centerline  at 
model  station  21.000,  and  the  lower  surface  at  model 
waterline  6.405.  The  exit  nozzle  location  was  at  the 
centerline  of  the  plate.  Ref.  Dwg.  WT-74-109328. 

P^  Rectangular  planform  wing  plate  with  two  tandem  exit 

nozzles.  The  chord  was  21.475  inches  with  the  leading 
edge  at  model  station  8.763.  The  span  was  18.475 
inches.  The  lower  surface  of  the  plate  was  at  model 
waterline  6.505.  The  exit  nozzles  were  located  at 
model  stations  18.000  and  21.000. 

Ref.  Dwg.  WT-74-109328. 

Subscript  -1  on  the  configuration  symbol  indicates  that 
only  the  aft  half  of  the  plate  was  mounted  on  the 
internal  balance,  and  only  the  aft  exit  nozzle  was  used. 
The  forward  half  of  the  plate  was  attached  to  the  non- 
metric plenum;  the  forward  nozzle  was  removed  and  the 
hole  in  the  plate  sealed. 
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DESCRIPTION  OF  MODEL  COMPONENTS  (Continued) 

Symbol 

•Description 

P12 

Rectangular  planform  wing  plate  with  two  side-by-side 
exit  nozzles.  The  chord  was  18.475  inches  with  the 
leading  edge  at  model  station  11.763.  The  span  was 

27.825  inches.  The  lower  surface  of  the  plate  was  at 
model  waterline  6.505.  The  exit  nozzles  were  located 
at  model  station  21.000  and  model  buttock  line  4.675. 

Ref.  Dwg . WT-74-109328 . 

Subscript  -1  on  the  configuration  symbol  indicates  that 
either  the  left  or  right  hand  exit  nozzle  was  removed. 

Only  that  half  of  the  plate  containing  the  exit  nozzle 
was  mounted  on  the  internal  balance.  The  opposite 
half  of  the  plate  was  attached  to  the  non-metric  plenum 
and  the  hole  in  the  plate  sealed. 

NOTE:  Nozzles  Nq  and  Ng  are  on  the  left  and  right  hand 

side  of  the  model,  respectively. 

P13 

Rectangular  planform  wing  plate  with  two  tandem  exit 
nozzles.  The  chord  was  36.475  inches  with  the  leading 
edge  at  model  station  11.763.  The  span  was  18.475 
inches.  The  lower  surface  of  the  plate  was  at  model 
waterline  6.375.  The  exit  nozzles  were  located  at 
model  stations  21.000  and  39.000. 

Ref.  Dwg.  WT-74-109328. 

Subscript  -1  on  the  configuration  symbol  indicates  that 
only  the  aft  half  of  the  plate  was  mounted  on  the 
internal  balance,  and  only  the  aft  exit  nozzle  was  used. 
The  forward  half  of  the  plate  was  attached  to  the  non- 
metric plenum;  the  forward  nozzle  was  removed  and  the 
hole  in  the  plate  sealed. 

P31 

Triangular  planform  wing  plate  with  three  exit  nozzles. 

The  root  chord  was  26.043  inches  with  the  leading  edge 
apex  at  model  station  10.185.  The  span  was  22.138 
inches.  The  lower  surface  of  the  plate  was  located  at 
model  waterline  6.445.  The  forward  exit  nozzle  was 
located  at  model  station  21.000.  The  aft  two  exit 
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DESCRIPTION  OF  MODEL  COMPONENTS  (Continued) 

Symbol  Description 

P^j  (Continued) 

nozzles  were  located  longitudinally  at  model  station 
32.000  and  laterally  at  buttock  line  4.675. 

Ref.  Dwg.  WT-76-109331 . 

Subscript  -1  on  the  configuration  symbol  indicates  that 
only  the  forward  segment  of  the  plate  was  mounted  on 
the  internal  balance,  and  only  the  forward  nozzle  was 
used.  The  aft  segment  of  the  plate  was  attached  to  the 
non-metric  plenum;  the  aft  nozzles  were  removed  and 
the  holes  in  the  plate  sealed.  The  forward  segment  of 
the  plate  had  a modified  triangular  planform  with  the 
trailing  edge  swept  forward  23.03  degrees.  The  root 
chord  was  17.293  inches,  and  the  span  was  12.460  inches. 

Subscript  -2  on  the  configuration  symbol  indicates  that 
a rectangular  plate  of  .12-inch  thickness  was  added  to 
the  upper  surface  of  plate  P^^  to  increase  the  planform 
area  forward  of  the  original  leading  edge.  The  added 
plate  had  a span  of  18.5  inches,  and  extended  from  the 
original  leading  edge  forward  to  model  station  11.76. 

P41  Rectangular  planform  wing  plate  with  four  exit  nozzles. 

The  chord  was  19.460  inches  with  the  leading  edge  at 
model  station  16.770.  The  span  was  17.810  inches. 

The  lower  surface  of  the  plate  was  located  at  model 
waterline  6.505.  The  exit  nozzles  were  located  at 
model  stations  21.000  and  32.000  at  model  buttock 
line  4.675.  Ref.  Dwg.  WT-76-109331. 

Subscript  -1  on  the  configuration  symbol  indicates  that 
only  the  right  hand  forward  quarter  of  the  plate  was 
mounted  on  the  internal  balance,  and  only  the  right  hand 
forward  nozzle  was  used.  The  rest  of  the  plate  was 
attached  to  the  non-metric  plenum;  the  unused  nozzles 
were  removed  and  the  holes  in  the  plate  sealed.  The 
forward  quarter  of  the  plate  had  a chord  of  9.715  inches 
and  a span  of  8.890  inches. 
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DESCRIPTION  OF  MODEL  COMPONENTS  (Continued) 

Description 

Airflow  Survey  Rake;  a 7-inch  long  traversing  rake  used 
to  measure  temperature  and  pressure  in  both  the 
fountain  and  reingestion  flow  fields.  The  rake  con- 
tained fourteen  5-tube  directional  cone  pressure  probes 
on  a .5-inch  spacing,  and  thirteen  chromel  alumel 
thermocouples  on  .5-inch  spacing. 

When  used  to  survey  the  fountain  flow  field,  the  rake 
was  oriented  either  horizontally  with  the  probes  pointing 
down  at  the  ground  board,  or  vertically  with  the  probes 
pointing  inboard  toward  the  model  centerline  of 
symmetry . 

When  used  to  survey  the  reingestion  flow  field,  the 
rake  was  oriented  vertically  with  the  probes  pointed 
upstream. 
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NOMENCLATURE 


Definition  of  Tests 

H Height  test:  model  ground  height  variation;  model  attitude, 

suction  and  blowing  rates,  and  jet  temperature  were  held 
constant. 

R Flow  field  survey  test:  survey  rake  position  variation; 

model  ground  height,  attitude,  suction  and  blowing  rates, 
and  jet  temperature  were  held  constant. 

Subscript  numbers  on  the  test  symbols  indicate  that  the  data  recording  was  as 


follows : 

1,2 

Model  suction  and  blowing  pressures  and  temperatures, 
and  model  force  data  were  recorded. 

1-3 

Model  suction  and  blowing  pressures  and  temperatures, 
model  force  data,  and  duct  inlet  pressures  and  temperatures 
were  recorded. 

1 -4 

Model  suction  and  blowing  pressures  and  temperatures, 
model  force  data,  duct  inlet  pressures  and  temperatures, 
and  survey  rake  temperatures  were  recorded. 

1,2,4, 5 

Model  suction  and  blowing  pressures  and  temperatures, 
model  force  data,  and  survey  rake  temperatures  and 
pressures  were  recorded. 

Coefficients 

DL  Wind-on  lift  coefficient;  lift  increment  due  to  jet  inter  - 

FJ  ference  divided  by  the  jet  thrust. 

DM  Wind-on  pitching  moment  coefficient;  pitching  moment 

FJC  increment  due  to  jet  interference  divided  by  the  jet 

thrust  times  the  reference  chord. 

DR  Wind-on  rolling  moment  coefficient,  rolling  moment 

FJB  increment  due  to  jet  interference  divided  by  the  jet  thrust 

times  the  reference  span. 
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L_ 

FG 

M 

FGC 

R 

FGB 


Forces 

DL 

DM 


DR 


L 

M 

R 


Wind-off  lift  coefficient;  lift  divided  by  the  jet  thrust. 

Wind-off  pitching  moment  coefficient;  pitching  moment 
divided  by  the  jet  thrust  times  the  reference  chord. 

Wind-off  rolling  moment  coefficient;  rolling  moment 
divided  by  the  jet  thrust  times  the  reference  span. 

Note:  All  force  and  moment  coefficients  were  referred  to 

stability  axes  through  the  model  moment  reference  point; 
located  longitudinally  at  the  centroid  of  the  nozzle 
configuration,  laterally  at  the  model  plane  of  symmetry, 
and  vertically  on  the  waterline  plane  of  the  nozzle  exits. 


Lift  increment  due  to  jet  interference;  measured  balance 
lift  from  a wind-on  blowing  power-on  run  minus  the 
measured  lift  from  a wind-on  blowing  power-off  run.  (lbs.  ). 

Pitching  moment  increment  due  to  jet  interference; 
measured  balance  pitching  moment  from  a wind-on 
blowing  power-on  run  minus  the  measured  pitching 
moment  from  a wind-on  blowing  power-off  run.  (lbs.  ). 

Rolling  moment  increment  due  to  jet  interference;  measured 
balance  rolling  moment  from  a wind-on  blowing  power-on 
run  minus  the  measured  rolling  moment  from  a wind-on 
blowing  power-off  run  (lbs.  ). 

Measured  balance  lift  from  a wind-off  blowing  power-on 
run  (lbs.  ). 

Measured  balance  pitching  moment  from  a wind-off  blowing 
power-on  run  (lbs.  ). 

Measured  balance  rolling  moment  from  a wind-off  blowing 
power-on  run  (lbs.  ). 

! 
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LTAU 

Aerodynamic  lift  tare;  measured  balance  lift  from  a 
wind-on  blowing  power-off  run  (lbs.  ) 

MTAU 

Aerodynamic  pitching  moment  tare;  measured  balance 
pitching  moment  from  a wind-on  blowing  power-off  run 
(lbs.  ). 

RTAU 

Aerodynamic  rolling  moment  tare;  measured  balance 
rolling  moment  from  a wind-on  blowing  power-off  run 
(lbs.  ). 

FJ 

Jet  thrust;  total  thrust  of  all  blowing  nozzles  (lbs.  ). 

FJ  ■ <FJ/<  >CAUB. 

,FJ/<f>CALIB. 

Jet  thrust  normalized  to  standard  air  pressure.  The 
jet  thrust  for  each  nozzle  configuration  was  determined 
using  the  plenum  pressure  versus  thrust  relationships 
obtained  in  pretest  calibrations  of  each  of  the  nozzle 
configurations. 

£ (D) 

Ratio  of  ambient  static  pressure  to  standard  pressure. 

S - Pq/14.696.  The  additional  subscript  i refers  to  the 
duct  inlet  static  pressure. 

Pressures 

PO  (PQ) 

Tunnel  ambient  static  pressure,  PSIA. 

QO  (qQ) 

Free  stream  dynamic  pressure,  PSF. 

qQ  = • 5 e v0  * 

QF  (qF) 

Fountain  flow  field  dynamic  pressure,  PSI. 
qF  = . 7 PQ  Mf  (Note  (T)  Page  44) 

QFV  <<W 

Vertical  component  of  t^e  fountain  dynamic  pressure,  psi. 
qFV=  qp  cos  y ^ cos  (Note  1 Page  44  ) 

QR  (qR) 

Reingestion  flow  field  dynamic  pressure,  PSF. 
qR  = ' 7 PQ  MR  144  (N°te  CD  PaSe  44  ) 

A37BS-1  'acv.  4-79) 


GENERAL  OVNAMICS 

Convair  Division 


report  LST  711  & 712 


QRV  (qRV) 
PP 

pp/£ 
pte(pt  ) 

e 

PE(P  ) 
e 


QE  (q  ) 
e 


PD  (PD) 


DPI 


NPR 


page  40 


Axial  component  of  the  reingestion  dynamic  pressure,  PSF. 
qRV  = qR  C°S  ^RC°S  ^ R (Note  © Pa8e  44  > 

Nozzle  plenum  pressure,  PSI.  Additional  subscripts  1 and 
3 refer  to  the  forward  and  aft  plenums  respectively. 

Nozzle  plenum  pressure  normalized  to  standard  air 
pressure,  PSIA. 

Nozzle  exit  total  pressure,  PSIA.  Additional  subscripts 
1 through  4 refer  to  the  up  to  four  individual  nozzles  of  a 
nozzle  configuration.  P,^  = (NPR)(Pq) 

e 

Nozzle  exit  static  pressure,  PSIA.  Additional  subscripts 
1 through  4 refer  to  the  up  to  four  individual  nozzles  of  a 


nozzle  configuration. 

if:  NPR  > 

*— • 

• 

00 

xO 

LO 

P = . 5283  Pm 
e T 

e 

NPR 

1.893  , 

P = P^ 
e O 

Nozzle  exit  dynamic  pressure,  PSI.  Additional  subscripts 

1 through  4 refer  to  the  up  to  four  individual  nozzles  of  a 

nozzle  configuration. 

if:  NPR  > 1.893,  q = . 3698  P„, 

e 1 

2e 

NPR  < 1.893,  q = . 7 P M 
e e e 

Duct  inlet  ejector  drive  pressure,  PSI;  Plenum  pressure 
in  the  compressed  air  inlet  to  the  primary  side  of  the 
duct  inlet  ejectors.  Additional  subscripts  L.  and  R refer 
to  left  and  right  hand  ducts,  respectively. 

Duct  inlet  static  pressure  relative  to  free  stream  static 
pressure,  PSI.  Additional  subscripts  L and  R refer  to 
the  left  and  right  hand  duct  inlets,  respectively. 

Nozzle  exit  pressure  ratio.  NPR  = P /Pq 

1 e 

The  nozzle  exit  pressure  ratio  for  each  nozzle  configura- 
tion was  determined  using  the  plenum  pressure  versus 
NPR  relationships  obtained  in  pre  test  calibrations  of 
each  of  the  nozzle  configurations. 
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PF(Pf) 

Fountain  flow  field  total  pressure  as  measured  by  the 
14-probe  flow  survey  rake,  PSIA.  (Note  (T)  page  44  ) 

PR(Pr) 

Reingestion  flow  field  total  pressure  as  measured  by  the 
14-probe  flow  survey  rake,  PSIA.  (Note  (T)  page  44  ). 

Temperatures: 

TB(Tb) 

o 

Balance  temperature,  F.  Air  temperature  in  the  region 
of  the  model  internal  balance  cavity. 

to(Tq) 

Tunnel  ambient  temperature,  °F. 

TP(Tp) 

Nozzle  plenum  temperature,  °F.  Additional  subscripts 

1 and  2 refer  to  the  forward  and  aft  plenums,  respectively. 

TTE(Tt  ) 
e 

Nozzle  exit  total  temperature,  °R.  Additional  subscripts 

1 through  4 refer  to  the  up  to  four  individual  nozzles  of  a 

nozzle  configuration.  Ttt  = TP 

e 

DTTE 

( att  ) 

e 

Nozzle  exit  total  temperature  minus  free  stream  static 
temperature,  F.  Additional  subscript  A indicates  the 
average  value  of  the  up  to  four  individual  nozzles  of  a 
nozzle  configuration.  A T-p  = T-p^  - Tq 

TE(Te) 

Nozzle  exit  static  temperature,  °R.  Additional  subscripts 

1 through  4 refer  to  the  up  to  four  individual  nozzles  of  a 
nozzle  configuration. 

if:  NPR  > 1.893,  T = . 5283  T_, 

e Te 

NPR  ^ 1.893,  T = Tt  /(I  + .2UJ) 
c i.  e e 

DTE(  ATe) 

Nozzle  exit  static  temperature  minus  free  stream  static 
temperature,  °F.  Additional  subscript  A indicates  the 
average  value  of  the  up  to  four  individual  nozzles  of  a 
nozzle  configuration.  ATg  = * Tq 

Ti 

i 

o 

Duct  inlet  total  temperature,  R.  Additional  subscripts  L 
and  R refer  to  the  left  and  right  hand  ducts,  respectively. 

*Ti 

Duct  inlet  total  temperature  minus  free  stream  static 

temperature,  °F.  Additional  subscripts  L and  R refer  to 
the  left  and  right  hand  ducts,  respectively. 
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TILR 

(T  ) 

LR 

Duct  inlet  temperature  ratio  of  the  left  hand  duct, 

TiLR  . aV 

TIRR 
(Ti  ) 

RR 

Duct  inlet  temperature  ratio  of  the  right  hand  duct, 

T-  = AT-  / ATt 

1RR  XR  1 e A 

A tel 

Left  hand  inlet  duct  external  temperature  minus  free 
stream  static  temperature,  °F.  Additional  subscripts 

1 through  3 refer  to  the  three  thermocouple  locations 
shown  in  the  sketch  on  page  12. 

ater 

Right  hand  duct  external  temperature  minus  free  stream 
static  temperature,  °F.  Additional  subscripts  1 through 

3 refer  to  the  three  thermocouple  locations  shown  in  the 
sketch  on  page  12. 

TEL(  )R 

Left  hand  inlet  duct  external  temperature  ratio.  The 

number  1 through  3 within  the  brackets  refer  to  the  three 

thermocouple  locations  shown  in  the  sketch  on  page  12. 

TEL(  )R  = ATv  / ATt 

EL()  Te  A 

TER()R 

Right  hand  inlet  duct  external  temperature  ratio.  The 
numbers  1 through  3 within  the  brackets  refer  to  the 
three  thermocouple  locations  shown  in  the  sketch  on 
page  12.  TER(  )R  = ATEr()/  ATTeA 

TF(Tf) 

Fountain  flow  field  total  temperature  as  measured  by  the 
13-thermocouple  flow  survey  rake,  °R. 

tsf(tSf) 

Fountain  flow  field  static  temperature,  °R. 

Tg  = Tp/(1  + ,2Mp2)  (Note  (7)  page  44). 

DTF(  ATp) 

Fountain  flow  field  total  temperature  minus  free  stream 
static  temperature,  °F. 

ATF  = Tf  - Tq 

DTSF(  ATgF) 

Fountain  flow  field  static  temperature  minus  free  stream 
static  temperature,  °F. 

ATSp  = TSf  ‘ T0  (Note  (D  Page  44). 

i 
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(Tt  ) 
1RF 

TSFR 

IT,  ) 

SFR 

TR(Tr) 


TSR(Tq  ) 
SR 


DTR(  ATr) 


DTSR(  AT 


SR 


TTRR 

<TTrr> 

TSRR 

<TSrr> 

& T 


Symbols: 


oCg  (ALFAG) 


& (THETA) 
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Fountain  flow  field  total  temperature  ratio. 


RF 


ATr/  AT, 


eA 


Fountain  flow  field  static  temperature  ratio. 


!FR 


= AT,  / AT, 


eA 


(Note  (T)  page  44.  ) 


Reingestion  flow  field  total  temperature  as  measured  by 
the  1 3 -thermocouple  flow  survey  rake,  °R. 

Reingestion  flow  field  static  temperature,  °R. 

tsr  = tr/(1  + -2  mr2)  (Note  (D  Pa§e  44'  > 

Reingestion  flow  field  total  temperature  minus  free 
stream  static  temperature,  °F. 

A tr  = tr  - To 

Reingestion  flow  field  static  temperature  minus  free  stream 
static  temperature,  F. 


ATsR  =ts 


R 


(Note  (T)  Page  44.  ) 


Reingestion  flow  field  total  temperature  ratio. 


RR 


= ATr/  AT 


^eA 


Reingestion  flow  field  static  temperature  ratio. 

TSrr=  aTSr/  ATTeA 

Ratio  of  air  supply  temperature  to  standard  temperature. 
3 t = Tp/518.5.  The  additional  subscript  i refers  to  the 
duct  inlet  temperature. 


Geometric  angle  of  attack  of  the  model  wing  plate 
relative  to  the  ground  plane  (wind  and  blowing  power  off), 
degrees. 

Geometric  angle  of  attack  of  the  model  wing  plate  relative 
to  the  ground  plane  (corrected  for  model  and  support 
system  deflection  due  to  jet  thrust  and  air  loads),  degrees.  } 
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<?F 

(THETAF) 


y f 

(GAMMAF) 


Fountain  flow  direction  in  the  YZ  plane  as  measured  by  the 
14-probe  flow  survey  rake,  degrees,  = 0°  when  the 

fountain  flow  is  rising  vertically  from  the  ground  plane, 
and  is  positive  when  the  flow  is  inclined  to  the  right  (as 
viewed  from  the  pilots  seat).  (Note  ). 

Fountain  flow  direction  in  the  XZ  plane  as  measured  by  the 
14-probe  flow  survey  rake,  degrees.  p=0°  when  the 
fountain  flow  is  rising  vertically  from  the  ground  plane,  and 
is  positive  when  the  flow  is  inclined  to  the  rear.  (Note  (T)  ). 


" R 

(THE  TAR) 


Note:  © The  ability  of  the  airflow  survey  rake  to  measure  pressure 
characteristics  at  large  flow  angles,  was  determined  in  a 
pre-test  wind  tunnel  calibration  of  the  rake,  LST  720. 

From  analysis  of  this  calibration,  all  pressure  character- 
istics computed  from  the  rake  data  were  suppressed  if  any 
of  the  following  condition  were  indicated  by  the  rake 
pressure  measurements. 

a.  The  flow  angularity  at  a pressure  probe  exceeds  42°. 

b.  Probe  total  pressure  minus  free  stream  static  pressure 
indicates  negative. 

Reingestion  flow  direction  in  the  XY  plane  as  measured  by 
the  14-probe  flow  survey  rake,  degrees.  6?  ^ = 0°  when 
the  reingestion  flow  is  moving  directly  aft,  and  is  positive 
when  the  flow  is  inclined  to  the  right  (as  viewed  from  the 
pilots  seat).  (Note  © , page  44.  ) 


(GAMMAR) 


4 


(PHI) 


Reingestion  flow  direction  in  the  XZ  plane  as  measured  by 
the  14-probe  flow  survey  rake,  degrees.  = 0 when 

the  reingestion  flow  is  moving  directly  aft,  and  is  positive 
when  the  flow  is  inclined  downward.  (Note  (T)  , page  44.  ) | 

Geometric  angle  of  roll  of  the  model  wing  plate  relative  to 

> o 

the  ground  plane  at  g = 0 (corrected  for  model  deflection 
due  to  air  loads),  degrees. 
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-y^  (psig) 

Geometric  angle  of  yaw  of  the  model  wing  plate  plane  of 
symmetry  relative  to  the  tunnel  axis  (wind  and  blowing 
power  off),  degrees. 

{^(PSI) 

Geometric  angle  of  yaw  of  the  model  wing  plate  plane  of 
symmetry  relative  to  the  tunnel  axis  (corrected  for  model 
deflection  due  to  airloads),  degrees. 

H g (HG) 

Ground  height  of  the  model  moment  reference  point  relative 
to  the  ground  plane  (wind  and  blowing  power  off)  at  06^  = 0 , 
inches.  The  location  of  the  model  moment  reference  point 
is  given  in  the  note  on  page  38. 

H (h) 

Ground  height  of  the  model  moment  reference  point  relative 
to  the  ground  plane  (corrected  for  model  and  support  system 
deflection  due  to  jet  thrust  and  airloads,  as  well  as  for  the 
vertical  translation  of  the  model  moment  reference  point 
with  angle  of  attack),  inches.  The  location  of  the  model 
moment  reference  point  is  given  in  the  note  on  page  38. 

DE  (De) 

Nozzle  exit  diameter,  inches,  Superscript  numbers  1 
through  3 on  the  nozzle  configuration  symbols,  "N",  refer 
to  the  nozzle  exit  diameter s of  1.32,  1.41  & 1.61- inches, 
respectively.  • . 

B (b) 

Reference  unit  of  length  on  which  rolling  moment 
coefficients  were  based,  inches.  The  values  for  each 
wing  plate  are  given  in  the  table  on  page  17. 

C (c) 

Reference  unit  of  length  on  which  pitching  moment 
coefficients  were  based,  inches.  The  values  for  each 
wing  plate  are  given  in  the  table  on  page  17. 

VO  (VQ) 

Free  stream  velocity,  knots. 

VQ  = .5921  (2  q0/<°  )I 

e 

Free  stream  mass  density,  slugs/ft  . 

Pe 

Nozzle  exit  mass  density,  slugs/ft^. 

P e = . 08388  (Pe/Te) 

A 3759-  1 (ACV.  4-79) 
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Nozzle  exit  velocity^  ft/sec. 

U e = 49.  06  Me  (Tg)2  Subscripts  1 through  4 refer  to  the 
up  to  four  individual  nozzles  of  a nozzle  configuration. 

Nozzle  exit  Mach  number.  Subscripts  1 through  4 refer  to 
the  up  to  four  individual  nozzles  of  a nozzle  configuration. 


If:  NPR  > 1. 893  Me  = 1 . 0 

NPR  ^ 1. 893  Me  = ^5 

c 

Nozzle  exit  Reynolds  number,  based  on  the  exit  diameter, 
millions.  Subscripts  1 through  4 refer  to  the  up  to  four 
nozzles  of  a nozzle  configuration. 


RNE 


D 

e 


2 

Nozzle  exit  coefficient  of  viscosity,  lb.  sec/ft  . Subscripts 
1 through  4 refer  to  the  up  to  four  nozzles  of  a nozzle 
configuration. 


Nozzle  exit  weight  flow,  lb/sec.  Subscripts  1 through  4 
refer  to  the  up  to  four  nozzles  of  a configuration. 


1 


Nozzle  exit  weight  flow  normalized  to  standard  air 
ALIB.  pressure  and  temperature.  The  weight  flow  for  each 
nozzle  configuration  was  determined  using  the  plenum 
pressure  and  temperature  versus  weight  flow  relationships 
obtained  in  pre  test  calibrations  of  each  of  the  nozzle 
configurations. 

Duct  inlet  weight  flow,  lb/sec.  Additional  subscripts  L 
and  R refer  to  the  left  and  right  hand  ducts,  respectively. 
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UF(Uf) 

MF(Mf) 

MASF(mF) 

UR(Ur) 

MR(Mr) 


MASR(m  ) 
R 


Duct  inlet  weight  flow  normalized  to  standard  air 
temperature  and  pressure.  Weight  flows  were  determined 
using  the  ejector  drive  pressure  versus  weight  flow 
relationships  obtained  in  pre  test  calibrations  of  the 
duct  inlets. 

Fountain  flow  field  velocity,  ft/sec. 

UF  = 49.06  Mf  (Ts  )2  (Note  © page  44.) 

F 

Fountain  flow  field  Mach  number. 


Fountain  flow  field  mass  flow  rate  per  unit  area,  slugs/ 
ft.  ^ sec. 


mF  = 2(12)2qF/UF 

Reingestion  flow  field  velocity,  ft/sec. 

l 

UR  = 49.06  Mr(Ts  )a  (Note  © Page  44.  ) 
R 

Reingestion  flow  field  Mach  number. 


Reingestion  flow  field  mass  flow  rate  per  unit  area,  slugs/ 
ft^  sec. 

mR  = 2 VUR  | 

Longitudinal  location  of  the  flow  survey  rake  control  point, 
inches.  The  control  point  was  located  at  the  face  of  the  cone 
probe  row  in  line  with  the  axial  centerline  of  the  probe 
support  sting.  The  zero  origin  was  located  at  the  centroid 
of  the  duct  exit  nozzles  for  the  fountain  surveys;  and  at 
fuselage  nose  (model  station  10.  5)  for  the  reingestion  surveys. 
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XR(X  ) 
r 


Y 


R 


YR( Y ) 
r 


ZR 

ZR(Zr) 


Longitudinal  location  of  a pressure  probe  in  the  14-probe 
flow  survey  rake,  inches.  An  additional  subscript  T 
indicates  the  location  of  a thermocouple  in  the  same  rake. 

Lateral  location  of  the  flow  survey  rake  control  point, 
inches.  The  zero  origin  was  located  at  the  model  plane 
of  symmetry  (B.  L.  0). 

Lateral  location  of  a pressure  probe  in  the  14-probe  flow 
survey  rake,  inches.  An  additional  subscript  T indicates 
the  location  of  a thermocouple  in  the  same  rake. 

Vertical  location  of  the  flow  survey  rake  control  point, 
inches.  The  zero  origin  was  located  at  the  ground  plane. 


Vertical  location  of  a pressure  probe  in  the  14-probe  flow 
survey  rake,  inches.  An  additional  subscript  T indicates 
the  location  of  a thermocouple  in  the  same  rake. 
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